Although numerous clinical studies have suggested that migraine is inherited, the mode of inheritance is still not well
We report a large family with migraine headaches (some with visual aura) with an autosomal dominant pattern of inheritance. Many affected members also had episodic vertigo and essential tremor, but none had interictal nystagmus or other neurologic findings. Linkage analysis ruled out linkage to the regon on 19p, known to be linked with the clinically similar syndromes of hemiplegic mig~a i n e~.~ and familial periodic ataxia.6-R Methods. Family data. All living family members were interviewed by one of us (C.A.F.). Information on deceased members was obtained from the closest relatives (several in each case). In addition, all members who supplied a blood sample for linkage analysis were examined (figure). Migraine headaches were defined by the ciiteria of the International Headache Society (IHS).g Visual aura presented as either scintillating scotoma or scotoma without positive phenomena that gradually enlarged over 5 to 60 minutes. Vertigo was defined as an illusion of rotation of the environment associated with imbalance and unsteadiness. Episodes occurred spontaneously without precipitating factors such as position change, and they recurred on repeated occasions (at least five times). Essential tremor was defined as a postural tremor involving the hands and forearms that typically increased with voluntary movement.ID The tremor could be asymmetric and could involve other parts of the body as well.
After obtaining informed consent from family members, we isolated DNA from peripheral blood" and typed it with microsatellite markers. Briefly, genomic DNA samples were amplified by polymerase chain reaction (PCR) using primer pairs that flanked (CAh repeats using standard methods.I2 The PCR product was loaded onto a 6% denaturing polyacrylamide gel (6 M urea) and electrophoresed at 60 W. Gels were then autoradiographed. The markers used are shown in the table in the order of the DNA typing. location on chromosome 19p. Interlocus distances, indicated a t the bottom of the table, are based on the most recent Genethon map. 13 Linkage analysis. Linkage analysis was carried out by using the software package Linkage (Version 5.1).14 We assumed autosomal dominant inheritance. Gene frequency varied from 0.01 to 0.0001. Only affected members or unaffected members over 35 years of age were included, so there was no need to correct for variable age of onset. There was evidence of incomplete penetrance (unaffected 111-2 had an affected daughter IV-21, so we chose a penetrance rate of 0.90. We also performed an affecteds-only model analysis.
Results. Clinical data. The first known affected member of the family (1-2) was the daughter of two Mennonites who migrated to the United States from a German colony in Russia. She and all subsequent generations married unrelated non-Mennonites.
The pattern of inheritance in this family with migraine is consistent with an autosomal dominant trait (see figure). All affected members had the onset of symptoms before age 25 years. Of the 15 subjects who met the IHS criteria for migraine headaches, 6 also had classic visual aura, 8 had recurrent episodes of vertigo, and 9 had essential tremor. The vertigo spells in affected members lasted seconds to hours and nearly always occurred separately from the visual aura or headaches. Often there was associated nausea and vomiting. Episodes were typically triggered by stress, exercise, or lack of sleep. Two of the patients (111-18 and 111-20) were diagnosed as having Meniere's disease. Essential tremor typically began in adolescence or early adulthood (age of onset ranged from 12 to 27 yr). All affected members reported that the tremor was relieved by alcohol and that there was a rebound effect after using alcohol.
Five patients (11-8, 111-10, 111-18, 111-20, and IV-18) were treated with acetazolamide (250-750 mg/day, follow-up of 3 to 30 mo). All patients reported a marked decrease in the frequency of headaches
Response to acetazolamide.
6 Migraine Headaches 0 Visual Aura and vertigo spells and in the severity of essential tremor. In the two with visual auras, acetazolamide stopped the auras. One (111-18) had a recurrence of all symptoms, including visual auras, when she discontinued the medication after 2 years of use. The symptoms disappeared when the medication was restarted.
The pairwise linkage data, with the assumption that the disease is caused by a single defective gene (frequency 0.0001) with dominant inheritance, are given in the table. At a recombination fraction of 0.0, all of the markers had a lod score of less than -3. The lod scores remained substantially negative at a recombination fraction of 0.1. Because migraine with vertigo and essential tremor is a complex disease possibly caused by several interacting genes, we also performed affecteds-only analysis. The significance of the lod scores decreased only slightly (see table) . Even if we assumed an autosomal dominant inheritance of a common gene (frequency 0.01), the negative lod scores remained about the same. The linkage data make it extremely unlikely that the chromosomal region linked to hemiplegic migraine4a5 and familial periodic ataxia@ is involved in the pathogenesis of familial migraine with vertigo and essential tremor. Discussion. Our linkage data and that of others15 indicate that there is genetic heterogeneity with migraine and that the genetic defect on chromosome 19p4 is not associated with more common varieties of migraine. Patients in families with hemiplegic migraine, with documented linkage to a genetic defect on 19p, report typical migraine headaches and classic visual aura identical to those reported by patients whose genetic defect is not localized to 1 9~.~ One way to explain this heterogeneity of migraine syndromes would be through a group of genetic defects in genes that code for a family of proteins with similar properties and functions. A family of ion channels is appealing since migraine shares the clinical features of the known inherited ion channel disorders, including response to acetazolamide.16 Presumably, acetazolamide has a nonspecific effect on ion channels through changes in extracellular pH. I7 Some patients with familial periodic ataxia have migraine-like headaches and episodic v e r t i g~.~J~J~ Recently, linkage analysis has identified two differ- ent chromosomal loci in families with familial periodic ataxia, one on chromosome 12pZ0 and another on chromosome 1 9~.~-~ Families linked to both chromosomal loci showed variable penetrance. The genetic defect on chromosome 12p is a point mutation in a brain potassium channel (KCNA1),21 and the genetic defect on chromosome 19p has yet to be determined. Another abnormal ion channel gene seems likely, but currently there are no known ion channels on 1 9~.~-~ The periodic ataxia variant linked to 19p is associated with migraine-like headaches and vertigo, whereas the variant linked to 12p is associated with neuromyotonia or myokymia (no headaches). The mechanism of vertigo with migraine is poorly understood. At least some attacks originate from the inner ear. Some patients report fluctuating hearing loss along with the vertigo, particularly women during their menstrual period.22 Furthermore, peripheral vestibular deficits on electronystagmography are more common in patients with migraine than in ~o n t r o l s .~~~~~ Because ion channels in the inner ear are critical for maintaining the endolymphatic potential and neuronal excitability, a defective ion channel could lead to reversible hair cell depolarization and auditory and vestibular symptoms. Speculation on an association between migraine and Meniere's disease dates back to the original description by Prosper Meniere. 25 Because migraine and essential tremor are so common in the general population, they could occur together in the same patient by chance alone. However, in our family, 8 of 15 members with migraine and none of the unaffected members had essential tremor. Similarly, in a recent report of 20 families with essential tremor, Bain et allo identified three families in which migraine and essential tremor were inherited together. Either the abnormal genes are closely linked or migraine and one variety of essential tremor are caused by the same genetic defect. The fact that both the migraine symptoms and essential tremor responded to acetazolamide in our patients supports the latter interpretation. Interestingly, there have been several reports of a subset of patients with essential tremor who respond to carbonic anhydrase inhibitors. Migraine and vertigo.
Migraine and essential tremor.
